Oligoether epoxides are widely used to modify densely crosslinked polymers in order to produce materials with a specified combination of processing and service characteristics. These effective modifiers include the laproxides [1]. They make it possible actively to influence the topological organisation of three-dimensional networks and accordingly the thermodeformation, inversion, and deformation and strength properties of the epoxy polymers [2] . In connection with the noted trend of practical application not only of the high elasticity effect of densely crosslinked polymers and filled matrices but also of their inversion features [3, 4] , it is of scientific and practical interest to investigate the effect of mono-and difunctional laproxides on the formation of the physical structure and properties of the most popular industrial polyepoxides.
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The physicochemical differences in the modifying action of mono-and dilaproxides on the process of the structure formation of cured epoxy oligomers were established. The physically well-founded standard temperatures of epoxy-laproxide composites of different composition were established by differentiation. The results of investigating the high elasticity, the inversion features, and the deformation and strength properties of these densely crosslinked polymers are given. It is shown that the use of difunctional laproxide L-702 as a modifier of ED-16 and ED-20 resins is preferable to the use of monofunctional oligoether epoxide L-301.
Oligoether epoxides are widely used to modify densely crosslinked polymers in order to produce materials with a specified combination of processing and service characteristics. These effective modifiers include the laproxides [1] . They make it possible actively to influence the topological organisation of three-dimensional networks and accordingly the thermodeformation, inversion, and deformation and strength properties of the epoxy polymers [2] . In connection with the noted trend of practical application not only of the high elasticity effect of densely crosslinked polymers and filled matrices but also of their inversion features [3, 4] , it is of scientific and practical interest to investigate the effect of mono-and difunctional laproxides on the formation of the physical structure and properties of the most popular industrial polyepoxides.
The investigation was conducted on epoxy-bisphenol A resins ED-20 and ED-16 (GOST 10587-84), and also on reactive laproxide modifiers -monofunctional laproxide 301G (TU 2226-337-10488057-97) (abbreviated below to L-301):
and difunctional laproxide 702 (TU 2226-335-10488057-07) (abbreviated below to L-702):
where R -m = 9-11.
T h e c u r i n g a g e n t e m p l o y e d w a s isomethyltetrahydrophthalic anhydride (iso-MTHPA, acid number 665.0 15.0), and the curing accelerator was 2,4,6-tris(dimethylaminomethyl)phenol (UP 606/2).
The amount of curing agent (X cur ) was determined with account taken of the content of epoxy groups in the modifier according to the empirical equation:
X cur = 1.5(2605/AN)EG, g/100 g where AN is the acid number of the curing agent, and EG is the content of epoxy groups (%).
Composites based on resins ED-16 and ED-20 with a content of each of the laproxides of 1, 3, 5, and 7% and a stoichiometric amount of curing agent with accelerator were prepared.
All the prepared composites were cured by a common regime: 120°C for 120 min + 160°C for 360 min.
The content of the insoluble part was estimated by the extraction of suspensions in acetone vapours in a Soxhlet apparatus and amounted to at least 96%.
To assess the physicochemical, thermodeformation, and other features of the composites, use was made of a Paulik-Paulik-Erdei derivatograph (MOM, Hungary) with a rise in temperature of 10 deg/ min and heating to 500°C, a modified Höppler consistometer, a TMS-1 dilatometer (PerkinElmer), and also standard equipment for deformation and strength tests according to GOST 4651 and hardness tests according to GOST 4670 [5] .
To assess inversion, use was also made of a modified Höppler consistometer and the procedure given by Rozenberg and Irzhak [2] .
On the basis of the main concept of structure formation of densely crosslinked polymers [6] , it was assumed that the introduction into bifunctional epoxy resin of monofunctional molecules of L-301 will inevitably lead to blocking of the active functionality of the curing agent, as follows. When the three-dimensional network is formed, the curing agent molecules act as crosslinked points, and the oligomer macromolecules as chains, which can be both active, i.e. connecting two or more crosslinked points, or passive, i.e. entering the composition of one crosslink only. Thus, the passive chains firstly reduce the active functionality of the crosslinked points of the three-dimensional structure and secondly are located within cells of the network in the form of free "tails". Such "tails", without reducing the concentration of intermolecular physical bonds, lower the number per unit volume of covalent chemical bonds. This should lead to an increase in lability of the three-dimensional network in the glassy and rubbery (high-elastic) state and to a reduction in the strength characteristics of the modified epoxy resin.
The introduction into the epoxy oligomer of bifunctional modifier L-702 will not affect the functionality of the crosslinked points. However, in this case its lability will also be controlled by the kinematic possibilities of the laproxide. As, in the chemical structure of L-702, there are mobile ether links -O-, active chains of the modifier act as flexible mobile fragments, which is manifested by an active variation in the main physicochemical, thermodeformation, and strength properties of such composites.
Thus, the modifying effect from using L-301 is achieved by a change in the topological structure of the threedimensional network, and, when L-702 is used, by a change in the flexibility of individual active chains.
Thermogravimetric investigations indicated that the introduction of laproxides into epoxy-bisphenol A resins is not accompanied with any significant changes in the topological organisation of the three-dimensional networks formed during curing. On all the DTA curves obtained, irrespective of the composition of the composite, there are three degradation peaks in the range 200-360°C: low-temperature peak I (200-220°C), medium-temperature peak II (260-290°C), and hightemperature peak III (340-360°C), differing in numerical values of their maxima. Analysis of the results given in Table 1 makes it possible to specify these differences. Above all, the introduction of laproxides shifts the peaks towards higher temperatures. It can be assumed that this is a consequence of increase in the lability of the three-dimensional network, which is accompanied with increase in the oscillation of its intercrosslink chains, which, in turn, leads to the consumption of external heat energy on internal friction and accordingly reduces the load on the main macrochains. This assumption is borne out by the fact that the values of the temperatures of exopeaks I, II, and III hardly depend on the content of laproxides ( Change in the lability of the three-dimensional network of epoxy polymers by additions of laproxides is illustrated by the results of thermomechanical investigations and primarily by concentration dependences of the lability coefficient K e of the network in the range of modifier contents 0-7% (Figure 1 ).
It can be seen that the monofunctional laproxide L-301, by virtue of the specific nature of its structureforming effect, affects the deformability of the system practically within the limits of experimental error ( Figure 1, curves 1 and 2) . At the same time, difunctional L-702, incorporated in the three-dimensional network, changes the value of the function (K e ) by a function of 1.2-1.4. This increase is more appreciable for lowmolecular-weight resin ED-20.
Differentiation of typical thermomechanical curves [5] makes it possible to obtain additional information on the results even of apparent insignificant structural changes. Above all, estimation of the strain rate as a function of temperature, which, under experimental conditions, is equivalent to time, makes it possible to establish the physically specific concept of the glass transition temperature (T g ). The glass transition temperature assumed for the amorphous densely crosslinked polymer is the temperature at which the polymer passes from a mainly glassy state into a mainly rubbery state. As regards the differential curves, dε/dT is the temperature of the peak of the differential curve (Figure 2) . At the same time, the proposed approach makes it possible to establish, on a sound physical basis, two more specific dimensionless parameters: the softening point (T s ) and the high-elasticity temperature (T he ) of the investigated densely crosslinked system. The former has great practical importance, as it determines the heat limit of service of articles manufactured from the materials studied, and the latter determines the process temperature during forming of articles from cured thermosetting semiproducts [6] .
The results of studying the differential thermomechanical curves, presented in Table 2 , indicate the following:
1. The introduction even of a small amount of laproxide lowers the glass transition temperature, the softening point, and the high-elasticity temperature.
2. Low-molecular-weight epoxy resin ED-20 (MW ~360) is affected to a greater degree by laproxides than is higher-molecular-weight resin ED-16 (MW ~600).
3. Difunctional laproxide L-702 is a more effective modifier than L-301.
4. Increase in the laproxide content in the composite to 7% is not accompanied with any reduction in the softening point, which confirms the structure-forming and not plasticising (as widely assumed) action of oligoether epoxides [7] .
5. The effect of structure formation of epoxy polymers reliably appears when laproxides are present in a concentration of over 3%.
The deformability of epoxy polymers in the rubbery (highelastic) state is not only of scientific but also of practical, technological interest. Earlier [7] it was shown that the introduction into resin ED-20 of oligoether urethane epoxide (PPG-3A) made it possible to increase the value of its high-elastic deformability (HED) from 4 to 16%, and this found practical application. However, the use of this very modifier is associated with a number of practical complexities. Therefore, it was of interest to establish the possibility of replacing expensive PPG-3A with more readily accessible laproxides. In developing the investigations set out above, it proved possible to show that the introduction into resin ED-16 of difunctional laproxide L-702 in a quantity of 3-7% ( Figure 3 ) makes it possible to increase the HED to 18-22%. At the same time, the modification of resin ED-20 with laproxides does not, in terms of HED, yield the desired results (HED < 12%).
Investigation of the influence of laproxide modification of ED-16 and ED-20 on the strength of the cured composites as a whole confirmed earlier suggestions concerning the physicochemical mechanism of this Failure changes from brittle to elastic-plastic along the plane of greatest tangential stresses. A peculiar "hump" appears on the stress-strain curve ( Figure 5 ) for ED-16 + 7% L-702, indicating the appearance of elements of restructuring of the three-dimensional network of the modified epoxy polymers. This observation is consistent with the dependences presented above (Figures 3 and 4) . Table 2 . Values of the softening point (T s ), the glass transition temperature (T g ), and the high-elasticity temperature (T HE ) of epoxy polymers (ERs) modified with laproxides All the prepared composites were investigated for their ability to invert artificially created and fixed high-elastic strains. The experimental procedure was as follows. At the final stage of thermomechanical testing, the loaded specimen was cooled to T << T s , which led to fixing (freezing) of the created HED. Then, the load on the specimen was reduced to the minimum limit necessary only to retain contact of the device measuring the strain of the specimen with the object of measurement, i.e. with the specimen. After this, the specimen was reheated at the same rate as that used in the taking of thermomechanical curves, and completeness of recovery of the created HED was observed. Heating ended with stabilisation of the readings of the HED gauge. Some results of these tests are presented in Figure 6 . They indicate that the modification of epoxy resins both of low molecular weight (ED-20) and of greater molecular weight (ED-16) with difunctional laproxide L-702, which does not break down the topological structure characteristic of epoxy-bisphenol A polymers, is accompanied with the formation of a three-dimensional network capable of practically complete recovery ( Figure 6 , curves 1 and 2) of the considerable high-elastic strain (under experimental conditions, for ED-20 ε HE = 12%, and for ED-16 ε HE = 20%).
coNclusIoNs
As a result of the investigation conducted, the differences in the nature of the influence of mono-and difunctional laproxides on the topological structure of cured epoxybisphenol A oligomers were found and confirmed. It was established that the greatest effect of modification is achieved when difunctional laproxide L-702 is used, which ensures a considerable increase in deformability of the polyepoxides in the high-elastic state with the retention of high strength and inversion properties. It was shown that the use of the method of differentiation of thermomechanical curves makes it possible to obtain physically sound values of the standard temperature parameters of densely crosslinked polymers, namely the glass transition temperature, the softening point, and the high elasticity temperature.
